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A protein with anion exchange properties found in the kidney
proximal tubule
MANOOCHER SOLEIMANI, GWEN L. BIZAL, and CARYN C. ANDERSON
Department of Medicine, Indiana University School of Medicine, and Veterans Affairs Medical Center, Indianapolis, Indiana, USA
A protein with anion exchange properties found in the kidney proximal
tubule. One important mechanism for reabsorption of chloride in the
kidney proximal tubule involves anion exchange of chloride for a base.
Anion exchange transport systems in general demonstrate sensitivity to
inhibition by disull'onic stilbenes, probenecid, furosemide, and the
arginyl amino group modifier phenyiglyoxal. Using disulfonic stilbene
affinity chromatography, we have identified and partially purified a
protein with anion exchanger properties in luminal membrane vesicles
isolated from rabbit kidney cortex. This protein has a molecular weight
of 162 kD. The binding of the 162 kD protein to the stilbene affinity
matrix is inhibited by disulfonic stilbenes, probenecid, furosemide, and
phenylglyoxal. Reconstitution of the proteins eluted from the affinity
matrix into liposomes demonstrates anion exchange activity as assayed
by radiolabeled chloride influx. Deletion of the 162 kD protein from the
eluted mixture by probenecid diminishes the anion exchanger activity in
the reconstituted liposomes. Further purification of the disulfonic
stilbene column eluant by Econo-Pac Q ion exchange chromatography
resulted in significant enrichment in 162 kD protein abundance and also
anion exchange activity in reconstituted liposomes. The results of the
above experiments strongly suggest that the 162 kD protein is an anion
exchanger. Insight into the functional and molecular characteristics of
this protein should provide important information about the mecha-
nism(s) of chloride reabsorption in the kidney proximal tubule.
The mechanisms of chloride transport in the kidney proximal
tubule are poorly understood. However, one important mech-
anism involves anion exchange. The major mechanism for
transport of chloride across red blood cell membranes is by
anion exchange and is accomplished by the prototype anion
exchanger known as erythrocyte band 3. This transporter
mediates the exchange of one chloride for one bicarbonate ion
[1]. In the kidney proximal tubule, chloride/bicarbonate ex-
change, evidently, does not play a major role in reabsorption of
chloride or secretion of bicarbonate [2]. However, different
isoforms of anion exchangers have been identified in the prox-
imal tubule. These include: chloride/formate [3—5], chloride!
oxalate [4, 6], urate/0H [7], sulfate/bicarbonate [8, 9], and
chloride/0H exchangers [10—12]. There is little information on
the molecular structure and properties of the protein(s) in-
volved in these processes. Anion exchange transport systems in
general share several properties of band 3 protein including
sensitivity to inhibition by disulfonic stilbenes, probenecid, and
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furosemide [2]. In addition, the anion exchange system in the
red blood cell and other plasma membranes are inhibited by
arginyl amino group modifier, phenylglyoxal [1, 13— 17].
Using a combination of affinity and ion exchange chromatog-
raphy, we have identified and partially purified a protein with
anion exchanger properties in brush border membrane (BBM)
vesicles isolated from rabbit kidney cortex. This protein has a
molecular weight of 162 kD and is sensitive to inhibition by
disulfonic stilbenes, probenecid, furosemide, and phenylgly-
oxal. In addition, we have reconstituted this protein into
proteoliposomes and demonstrated the presence of anion ex-
change activity using radiolabeled chloride. Our results suggest
that the 162 kD protein is a proximal tubular anion exchanger.
Methods
Membrane vesicles preparation
Brush border membrane (BBM) vesicles were isolated from
rabbit renal cortex by a divalent cation-aggregation method [18]
as employed previously [19, 20]. Basolateral membrane (BLM)
vesicles were isolated from the renal cortices by differential and
Percoll gradient centrifugation [21] as employed previously [19,
20]. The purification of BBM vesicles relative to the initial
cortical homogenate was 10.4 1.2-fold based on the enrich-
ment in specific activity of alkaline phosphatase. The enrich-
ment in specific activity of Na ,K-ATPase was 0.9 0.20-fold
in BBM vesicles. Purification of BLM vesicles relative to the
initial cortical homogenate was 11.5 1.3-fold based on the
enrichment in specific activity of Na ,K-ATPase. The enrich-
ment in specific activity of alkaline phosphatase was 1.1
0.20-fold in BLM vesicles. Additionally, HC03-dependent
22Na uptake and Na-dependent 3H-glucose uptake in initial
cortical homogenates, apical membranes and basolateral mem-
branes were measured to further evaluate the enrichment and
basolateral membrane contamination of brush border mem-
branes and vice versa. In brush border membranes the HC03-
dependent 22Na uptake was 5.9% 3.9 of total uptake (P>
0.05). Conversely, Na-dependent 3H-glucose uptake in basolat-
eral membranes was 8.7% 4.9 of total uptake (P > 0.05).
Thus, these results indicate relatively little cross contamination
of brush border with basolateral membranes and vice versa.
Na-dependent 3H-glucose uptakes in the initial cortical ho-
mogenate and brush border membrane vesicles were 13.5
1.70 and 186.6 9.72 pmollmg proteinl3O sec, respectively (P <
0.001). HC03-dependent 22Na uptakes in the initial cortical
homogenate and basolateral membrane vesicles were 0.145
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0.07 and 2.1 0.11 nmol/mg protein/b seconds, respectively (P
<0.001). Thus, these results indicate significant purification in
brush border and basolateral membrane vesicles relative to the
initial cortical homogenate.
Affinity matrix preparation
The affinity matrix used in these experiments consisted of
disodium 4,4'-dinitrostilbene-2,2'-disulfonate (DNDS) immobi-
lized in acrylamide beads using a method similar to that
described by Uchida and Filburn [22]. Briefly, 35 mg DNDS
was dissolved in 1 ml deionized water in a glass vial. This
solution was then mixed with 5 ml of a solution of 15%
acrylamide:5% bis acrylamide. Fifty microliters of ammonium
persulfate (140 mg/mi) and 2.5 d TEMED were immediately
added to the mixture. The vial was mixed and an additional 50
j.d of ammonium persulfate was added. The mixture was
allowed to polymerize overnight at room temperature. The
polymerized matrix was removed, minced with a razorblade,
and washed through a sieve. The washing procedure was
repeated four times, and the settled gel particles were resus-
pended in a buffer consisting of 45 mi K-gluconate, 180 mM
mannitol, 5 mr,s dithiothreitol, 0.1 mi phenylmethylsulfonyl-
fluoride, 40 mt,t Hepes titrated to pH 8.1 with -35 mM KOH.
Affinity chromatography
Brush border membrane vesicles isolated from rabbit kidney
cortex were solubilized in 0.67% Triton X-l00 and centrifuged
at 100,000 x g for 70 minutes. Using a batch method, the
solubilized extract was equilibrated with the DNDS-afflnity
matrix by mixing 1.5 ml solubilized protein (7 mg/mI protein)
with 1.5 ml of the DNDS-aflInity matrix. The mixture was kept
on a shaker for 60 minutes at 4°C. In some experiments, free
inhibitors were equilibrated with the mixture to specifically
block adsorption of protein(s) to the immobilized DNDS. The
affinity matrix was extensively washed and the proteins were
eluted in the absence or presence of 2 ifiM DNDS to specifically
displace DNDS-binding proteins. The eluted mixture from each
column was concentrated through Amicon filters and aliquots
were subjected to SDS-polyacrylamide gel electrophoresis us-
ing a modification [23] of the Laemmli protocol [24]. The
proteins were visualized by Coomassie Blue staining.
Anion exchange chromatography
The proteins that were eluted from three DNDS affinity
matrices were resolved on an Econo-Pac Q (Bio-Rad) anion
exchange column and eluted in the presence of solutions
containing 50 mM tris(hydroxymethyl)aminomethane (Tris),
0.57% Triton X-lOO, pH 8.0 and increasing concentrations of
NaC1 at a rate of 1 mI/mm. The fractions were dialyzed
overnight against a solution consisting of 100 mi K-gluconate,
100 mM mannitol, 10 mi Hepes, and TMA-hydroxide, pH 7.5.
An aliquot from each fraction was resolved on an SDS-PAGE.
The remainder of each fraction was subjected to reconstitution
experiments.
Reconstitution of the anion exchanger
The DNDS binding proteins were eluted in the presence of
1.5 ml of a solution consisting of 300 m Na-HC03, 0.57%
Triton X-l00, pH 8.2. The reason for using Na-HCO3 for the
elution step is that DNDS is not dialyzable and interferes with
the reconstitution process. The results of our experiments show
that 300 mi Na-HC03 elutes all the DNDS sensitive proteins.
The eluted mixtures from three affinity columns were pooled,
concentrated, and dialyzed overnight against a solution of 100
mM K-gluconate, 100 mM mannitol, 10 m'vi Hepes, and TMA-
hydroxide, pH 7.5. Egg lecithin phosphatydilcholine (30 mg in
300 1 chloroform) was evaporated to dryness under a stream of
nitrogen [25, 26]. A total of 1.7 ml of protein mixture (0.5mg/mi)
was added to the dry lipid. SM-2 Bio Beads (57 mg wet wt) were
added to the mixture and the solution was gently stirred at 4°C
for three hours. An extra 57 mg SM-2 Beads were added for
another two hours to remove the residual Triton-X-100. The
proteoliposomes were recovered from the mixture by slow
speed centrifugation (500 x gmax) for five minutes. The lipo-
somes were pre-equilibrated for 120 minutes at 20°C in a
medium consisting of 100 mtt mannitol, 100 mM K-gluconate,
10 mM Hepes, and TMA hydroxide, pH 8.0. In some experi-
ments, 40 m of K-gluconate was replaced with K-Cl to impose
an outward chloride gradient. The influx of 4 m radiolabeled
36Cl was assayed at 120 seconds. The reaction was stopped by
centrifugation through Sephadex 0-25 mini-columns for four
minutes at 1000 x ginax. The eluent was placed in 4 ml of
scintillation fluid and radioactivity was determined by scintilla-
tion spectroscopy.
The reconstitution of the fractions eluted from the Econo-Pac
Q column was carried out according to the above protocol. 1.7
ml (0.2 mg/ml protein) from each fraction was reconstituted into
liposomes and assayed for anion exchange activity using 36C1
influx.
Materials
We purchased 36C1 from New England Nuclear (Boston,
Massachusetts, USA); phosphatidyicholine, 4,4'-diisothiocy-
anostilbene-2,2'-disulfonic acid (DIDS), phenyiglyoxal, and
valinomycin, were from Sigma Chemical Co. (St. Louis, Mis-
souri, USA); SM-2 Bio-Beads and Econo-Pac Qcartridges were
from Bio-Rad (Richmond, California, USA). Valinomycin was
dissolved in 95% ethanol and added to the membrane vesicles
or liposomes in a 1:100 dilution.
Results
In our initial attempts we have employed an affinity chroma-
tography approach to isolate the protein(s) involved in anion
exchange process in brush border membrane vesicles. We first
tested whether DNDS, a reversible inhibitor of Cl-HC03
exchange in erythrocyte [1], could inhibit the Cl—/Cl— exchange
system in rabbit renal brush border membrane vesicles. An
outward gradient of chloride was imposed across the membrane
vesicles (Cl1/C1,, = 40/4 ms'i, pH0 = pH1 = 7.5) and the effect of
DNDS was evaluated on 36C1 influx. Two millimolars of
DNDS significantly inhibited outward Cl-gradient-stimulate
36Cl influx measured at 30 seconds (Fig. 1). In additional
experiments not illustrated, we found that this inhibition was
completely reversible. This was expected because DNDS does
not possess covalently-reacting isothicyano groups as found,
for example, in DIDS.
To determine whether renal brush border membranes contain
one or more DNDS-binding proteins that can be purified by
affinity chromatography, an affinity matrix was made by immo-
bilizing 8 m DNDS in acrylamide:bisacrylamide (l5%:5%) as
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Fig. 1. Effect of DNDS on 36C1 uptake stimulated by an outward
chloride gradient. Membrane vesicles were pre-equilibrated for 120
minutes at 20°C in a medium that consisted of 100 mM mannitol, 42 mM
Hepes, 21 mat TMA hydroxide, pH 7.5, that in addition contained 60
mM K-gluconate, and 40 mat K-Cl or contained 100 mat K-gluconate.
The effect of 2 mat DNDS on the 30 second uptake of 4 mas 36C1 was
measured after 1 10 dilution and incubation of the vesicles in a medium
of final composition 96 mat K-gluconate, 4mM K-Cl, 100 mat mannitol,
42 mat Hepes, 21 mat TMA hydroxide, pH 7.5. Each datum represents
the mean SE for four separate experiments performed on different
membrane preparations.
described in the Methods. Membrane vesicles were solubilized,
equilibrated with the DNDS affinity matrix, and eluted accord-
ing to the Methods. The results of the first experiment utilizing
this approach are shown in Figure 2. The Coomassie blue
stained gel in this figure revealed multiple proteins that were
eluted by the buffer alone (left lane) suggesting non-specific
elution of these proteins. However, in the presence of 2 mM
DNDS in the media, elution of 162 and 40 kD proteins were
considerably enhanced (right lane). In the absence of the
immobilized DNDS in the affinity matrix, neither of these two
proteins were eluted confirming the specificity of the DNDS
affinity matrix. When compared to the initial solubilized matrix,
the 162 and 40 kD proteins were significantly enriched in the
fraction that was eluted from the DNDS affinity matrix (Fig. 3).
This confirms significant purification of these two proteins by
the affinity matrix. (All SDS-PAGE experiments were per-
formed in triplicate and the figures shown are representative
experiments).
To determine if any of these two proteins display character-
istics similar to the band 3 anion exchanger protein, we took
advantage of the known substrate and inhibitor specificity of the
band 3 anion exchanger [1]. The red blood cell anion exchanger
protein is sensitive to inhibition by a spectrum of anion trans-
port inhibitors including the disulfonic stilbene DIDS [5, 7, 8].
To test whether DIDS would block the adsorption of 162 and or
40 kD proteins to the affinity matrix, an experiment similar to
Figure 1 was performed. The effect of DIDS on the adsorption
of the DNDS-sensitive proteins was evaluated by addition of 2
Fig. 2. Identification and purification of DNDS-binding proteins. Left
lane: Adsorption and elution in the absence of free DNDS. Right lane:
Adsorption in the absence of free DNDS; elution in the presence of 2
m free DNDS.
mM DIDS to the solubilized mixture during initial equilibration.
The results of this experiment are demonstrated in Figure 4.
The left lane shows the proteins adsorbed to the affinity matrix
in the control condition in the absence of DIDS. The right lane
illustrates that DIDS blocked the adsorption of several proteins
including the 162 and 40 kD proteins. These results prove the
identities of these two proteins as disulfonate-binding proteins.
Discussion
Anion exchangers, in general, demonstrate sensitivity to
inhibition by several diuretics, including furosemide and probe-
necid [1, 2]. Accordingly, the effect of 2 ma't furosemide or
probenecid on the adsorption of the 162 and or 40 kD proteins
to the affinity matrix was tested in a manner similar to that
employed in Figure 3. As demonstrated in Figure 5, furosemide
or probenecid (right and middle lanes, respectively) signifi-
cantly blocked the adsorption of the 162 kD protein to the
affinity matrix but had no effect on the 40 kD protein.
Anion exchanger activity in the red blood cell and several
other plasma membranes showed sensitivity to inhibition by
arginine residue modifiers [13—17] indicating that arginine is an
essential component of these transport systems. The alpha-
carbonyl reagent phenylglyoxal selectively bound to arginine
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Fig. 3. Efficiency of DNDS affinity matrix on protein purification. Left
lane: solubilized material. Right lane: DNDS affinity-purified.
residues and has been used to covalently modify the red blood
cell anion exchanger [10—13]. Experiments in red cells have
shown that DNDS prevents the binding of '4C phenylglyoxal to
the band 3 protein and vice versa indicating that binding sites
for phenyiglyoxal and DNDS overlap with one another [1].
Luminal membrane vesictes pretreated with 5 mrvt phenylgly-
oxal at pH 8.0 for 30 minutes showed greater than 75%
inhibition in the activity of Cl/36C1 exchange confirming the
presence and significance of arginyl groups in the proximal
tubule anion exchange process (data not shown). The effect of
phenyiglyoxal on the adsorption of the 162 kD protein to the
DNDS affinity matrix was tested by pretreatment of membrane
vesicles with 5 mrt phenyiglyoxal followed by solubilization
and equilibration of the proteins with the affinity matrix. Figure
6 demonstrates the results of this experiment. As is evident,
pretreatment with phenylglyoxal completely blocked the ad-
sorption of the 162 kD protein to the DNDS affinity matrix (lane
2) compared to control (lane 1). The effect of 5 m amiloride or
harmaline, two known inhibitors of cation transport, on the
adsorption of the 162 is shown for comparison (lane 3 and 4). As
demonstrated in this experiment, the 162 kD protein has no
affinity for these cation inhibitors, further confirming the spec-
ificity of the anion transport inhibitors. The 162 kD protein is
Fig. 4. Effect of DIDS on adsorption of DNDS-binding proteins. Left
lane: Control. Right lane: Adsorption in the presence of 2 mM DIDS.
also present in luminal membranes of the rat kidney proximal
tubule (data not shown).
To determine whether the 162 kD protein is a basolateral
membrane (BLM) contaminant, rabbit BLM vesicles isolated
from rabbit kidney cortex were solubiized and resolved on
DNDS affinity matrices. A Coomassie Blue staining of the
resulting gel is shown in Figure 7a. As demonstrated in this
experiment, the 162 kD protein is not present in BLM vesicles.
To exclude the possibility of red cell contamination as the
source of the 162 kD protein, we have perfused rabbit kidneys
with saline and prepared proximal tubular suspension as em-
ployed previously [201. Red blood cells will be removed com-
pletely from tubular suspension using this protocol. Brush
border membrane vesicles were prepared from tubular suspen-
sion [20] and subjected to DNDS affinity chromatography. The
results, as demonstrated in Figure 7b, show that the 162 kD
protein is an intrinsic component of brush border membrane.
Collectively, these experiments suggest that the 162 kD
protein is a structural candidate for anion exchange processes in
microvillus membranes of kidney proximal tubules.
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Fig. 5. Effect of furosemide and probenecid on adsorption of DNDS-
binding proteins. Left lane: Control. Middle lane: Adsorption in the
presence of 2 mr.i furosemide. Right lane: Adsorption in the presence of
2 m probenecid.
To study its functional identity, reconstitution of the DNDS
eluate containing the 162 kD protein into liposomes was carried
out. Proteins eluted from the DNDS affinity matrix were eluted
in the presence of 300 mi Na-HC03, dialyzed overnight, and
reconstituted into egg lecithin phosphatidylcholine proteolipo-
somes according to the Methods [25, 26]. The reason for using
Na-HC03 for the elution step is that DNDS is not dialyzable
and interferes with the reconstitution process. As shown in
Figure 8, 300 mri Na-HC03 elutes all the DNDS sensitive
proteins.
The resulting liposomes were assayed for anion exchanger
activity by measuring the influx of radiolabelled 36C1. The
influx of 4 mr,i 36Cl into the liposomes was assayed at 120
seconds in the presence and absence of an outward chloride
gradient (C11/Cl, = 40/4 vs. 0/4 m, where i and o refer to inside
and outside, respectively). As demonstrated in Figure 9a, an
outward chloride gradient stimulated 36C1 influx into lipo-
somes more than 150% compared to no outward chloride
gradient. These experiments were performed in the presence of
Fig. 6. Effect of phenyiglyoxal on adsorption of DNDS-binding pro-
teins. Lane 1: Control. Lane 2: Adsorption in the presence of 5 msi
phenylglyoxal. Lane 3: Adsorption in the presence of 5 ms amiloride.
Lane 4: Adsorption in the presence of 5 ma harmaline.
K0 = K, and the potassium ionophore valinomycin to ensure
that the increase in 36C1 influx into the liposomes was not
secondary to generation of inside positive membrane potential
resulting from outward movement of chloride. The C1J36C1
exchange is sensitive to inhibition by DIDS as demonstrated by
complete inhibition of this exchange by 0.5 mrt DIDS added to
the external solution. In the absence of any protein in the
reconstitution media, Cl/36C1 exchange was not different from
the background confirming the presence of anion exchange
activity in the proteins that were eluted from the affinity matrix.
To determine if the 162 kD protein is an anion exchanger, the
162 kD protein was deleted from the eluted proteins by proben-
ecid protection similar to the method used in Figure 5. The
remaining proteins were reconstituted into liposomes and as-
sayed for anion exchange activity. As shown in Figure 9b,
vesicles reconstituted with the proteins deficient in the 162 kD
protein had significantly lower C1/36Cl exchange activity
compared to the control group. This strongly suggests that the
162 kD protein is an anion exchanger protein. The two-hour
equilibrium uptakes were not different between the two groups,
suggesting that probenecid protection did not interfere with the
liposome integrity. To further correlate the presence of 162 kD
protein with anion exchange activity, reconstitution of the
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Fig. 7. DNDS affinity chromatography of (a.) basolateral membrane vesicles and (b.) brush border membrane vesicles isolated from tubular
suspensions.
initial solubilized proteins (not subjected to the DNDS affinity
matrix) was carried out. The influx of radiolabeled chloride
mediated via Cl—/Cl— exchange was significantly less in the
liposomes reconstituted with the initial solubilized material,
further confirming significant enrichment of the anion exchange
activity by DNDS affinity chromatography.
The influx of 36C1 in liposomes reconstituted with the initial
solubilized proteins was 9.83 0.32 in the presence versus 8.9
0.17 nmollmg protein/mm in the absence of an outward
chloride gradient, P < 0.03. Therefore, the C1/Cl exchange
activity was 0.93 0.13 nmollmg protein/mm. The influx of
36Cl in liposomes reconstituted with the DNDS sensitive
proteins was 54.78 2.98 in the presence versus 22.12 3.82
nmollmg protein/mm in the absence of an outward chloride
gradient, P <0.005. Therefore, the Cl—/Cl— exchange activity
was 32.66 3.40 nmollmg protein/mm.
The baseline 36Cl influx (no outward chloride gradient) in
liposomes reconstituted with initial solubilized proteins was
less than in liposomes with DNDS purified poroteins. The
reason for this difference is not clear. Nevertheless, the results
of the above experiments strongly suggest that the DNDS
affinity chromatography significantly increases the anion ex-
change activity and also the abundance of the 162 kD protein.
As shown in the above experiments, there are several non-
specific proteins in the SDS gel which could interfere with
detection of other stilbene-binding proteins that might have
similar properties to the 162 kD protein. To determine the role
of the 162 kD protein in Cl—/Cl— exchange more precisely, we
attempted to further purify the DNDS-binding proteins based
on their charge differences. The proteins eluted from three
DNDS affinity matrices were concentrated and subjected to
Econo-Pac Q column and then eluted in the presence of 100,
150, 200, and 250 mM NaC1. Aliquots of the fractions were
concentrated and resolved on an SDS-PAGE. Figure 10 dem-
onstrates that the 162 kD protein, along with a few other
proteins, is eluted in the presence of 100 m NaC1. To correlate
the anion exchange activity with the proteins eluted from
Econo-Pac Q column, the remainder of the Econo-Pac Q
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Fig. 8. Protein profile of Na-HC03 elution. Left lane: Elution in the
presence of 300 m Na-HC03. Right lane: Adsorption in the presence
of probenecid; elution in the presence of 300 mri Na-HCO3
column fractions was reconstituted into liposomes and assayed
for Cl—/Cl— exchange activity. As shown in Figure 11, the influx
of 36Cl (mediated via Cl/Cl exchange) was significantly higher in
the fraction eluted in the presence of 100 m NaCl. This is the
fraction that contained the 162 kD protein. There was not any
significant Cl—/Cl— exchange in the other fractions. These
results further confirm that the 162 kD protein is a likely anion
exchanger.
In conclusion, the above experiments strongly suggest that a
partially purified 162 kD protein isolated from rabbit kidney
cortex is a structural component of a proximal tubule anion
exchanger. Functional and molecular characterization of this
protein should provide insights into the mechanisms of chloride
reabsorption by the kidney proximal tubule.
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